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Abstract
According to most of the educators, scientific literacy means the understanding of concepts, theories, principles, processes of 
science, awareness of relationship, among science, technology and society. Currently, to bring up as Science and Technology 
literacy has become necessity in order to brace new generation to future. At this point, science and technology course has an 
important role in achieving this aim. The aim of this study is to improve valid and reliable test in order to determine readiness of 
7th class students about learning “Structure of Atom” course at Science and Technology course. First of all, concepts and 
acquisitions which are basis for the subject were determined and acquisitions were classified according to revised Bloom 
Taxonomy. Then, literature review was done in order to determine misconceptions and learning difficulties of students and item 
pool including 33 multiple-choice items was created. After creating table of specifications, the test was presented to the 
evaluation of chemistry instructors and Science teachers for validity. According to the feedbacks, the test was reduced to 26 items 
for pilot study and applied on 336 students at 7th class. According to item analysis result, it was determined that discrimination 
index of 9 items was below 0.2. These items were excluded from the test and a readiness test of 17 items was prepared. 
Reliability coefficient of this test was found 0.78.
© 2014 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the Organizing Committee of the ERPA Congress 2014.
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1. Introduction
The individual coming across to concepts throughout his life and constructs these concepts in his mind may 
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confront different definitions, phenomenon and examples about same concepts in educational life which causes 
conflict about this concept in his mind. When developmental stages of Piaget are considered, it draws attraction that 
secondary stage elementary school students are in transition stage of concrete operational and formal operational 
stages. Apart from this conflict period experienced about concepts in their minds; secondary stage elementary school 
students have difficulty in constructing concepts in their minds for being in transition period to formal operational 
stage. This makes comprehension of science topics most of which are composed of abstract concepts and causes 
science course to be considered as difficult and complex by students. In this sense, it is of great importance to learn 
science topics accurately, because it is proved through various studies that science concepts which are learned 
wrongly or deficiently are the reason for misconceptions (Ben-Zwi, Eylon & Silberstein, 1986; Griffiths & Preston, 
1992; Ünal & Zollman, 1997; Nakhleh & Samarapungavan, 1999; Nicoll, 2001; &DQSRODW3ÕQDUEDúÕ%D\UDNoHNHQ
& Geban, 2004; Tezcan & Salmaz, 2005; Akyol, 2009; Çakmak, 2009; .ÕUEDúODU	 øQFH hQDO &RúWX	
Ayas, 2010; Taber, 2011; .ÕUEDúODUg]VR\-Güneú$YFÕ& Atalar, 2012; Çökelez & <DOoÕQ
Concepts are the building stones of knowledge and enables people to classify and organize what they have 
learned. Moreover concepts are mental tools which enable people think and transform wide range of information 
LQWRXWLOL]DEOHXQLWV 6HQHPR÷OX  ,QRUGHU WR OHDUQFRQFHSWV VWXGHQWV VKRXOG FRQVWUXFWNQRZOHGJH DWWLWXGH
skill and experiences brought from their previous experiences together with recently learned information (Yürük, 
dDNÕU	*HEDQ, 2000).
Various studies which have been carried on education field put forward the result that the most important factor 
which influences learning is “what does the learner already know” (Özdemir et al., 2002). Therefore preliminary 
knowledge of individuals plays great importance in conceptual learning process. Moreover, constructivist 
researchers state that it would be better if class teachers start teaching new topic after revealing their former 
knowledge (Taber, 1995; 2000).
When the preliminary knowledge of individual is deficit/inadequate or inaccurate, this prevents new knowledge 
constructed on concrete and correct basis. This situation causes new knowledge constructed wrongly and therefore 
creates misconceptions. According to Nakhleh (1992), inaccurate or preliminary concepts of students create 
hindrances for learning chemistry subjects included within science course. Therefore it is quite important to 
determine cognitive readiness levels of students about subjects or concepts to be learned. One of the techniques used 
for determination of readiness level of students is multiple choice tests (Peterson, Treagust & Garnett, 1989; Bahar, 
2006; Ince, Acar Sesen & Kirbaslar, 2012).
Nakhleh (1992) states that although some of the students put effort in order to understand chemistry, they cannot 
succeed because they have not constructed basic concepts in chemistry accurately in their mind. While learning 
chemistry students should form a complete relation between macroscopic structures which is holistic appearance of
matters, their formula which is the statement of symbolic size and particles which form the holistic structure and 
microscopic size which represents the relation between particles $NNXú7]Q& Eyceyurt, 2013). 
It was shown through various studies that there are many misconceptions about particulate nature of matter. 
Some misconceptions determined in literature review in this sense are as such: atom is the smallest and undividable 
piece of a substance. Atom is too tiny but it is visible. Atom models are real beacause scientists have formed them 
with experimental studies. Atom can be crushed. Atoms are colorful. Atoms are hard. Atoms are spherical. Atoms 
which form the matters in same size and shape are same as well. Atoms are undividable since they are too small. 
When matters are divided into two their atoms re divided into two as well. Atoms are alive (Novick &Nussbaum, 
1981; Ben-Zwi, Eylon & Silberstein, 1986;Haidar, 1988;Stavy, 1990; Griffths & Preston, 1992; Sutan & McHugh, 
1994; Harrison & Treagust, 1996; Ünal & Zollman, 1997; <H÷QLGHPLU, 2000; Nicoll, 2001; Pideci, 2002; Yezierski, 
%HNWDú Canpolat et al., 2004; Tezcan &Salmaz, 2005;ùHNHU,2006; Kaya,2010; Çakmak, 2009; Akyol,
2009).  
The aim of this study is to improve valid and reliable test in order to determine cognitive readiness of 7th class 
students about topic and concepts which form basis for learning “Structure of Atom” course at Science and 
Technology course.
2. Methods of the research
2.1. Sample of the research
The study was carried out with the participation of 366 students in total who study at 7th class of four secondary 
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schools in Istanbul city center during spring semester of 2012-2013 academic year. 
2.2. Development process of atom structure topic readiness test
In the first stage of “Atom Structure Topic Readiness Test” (ASTRT); topics and concepts which form basis for 
“Structure of Atom” were determined. Accordingly it was agreed that the test should include subjects and concepts 
of “particulates, elements and compounds which form the matter”. In this sense acquisitions determined by Head 
Council of Education and Morality (TTKB) were analyzed and opinion of four chemistry instructors were obtained 
in order to determined suitability of acquisitions. After making agreement on 7 acquisitions, they were classified 
according Bloom Taxonomy which was updated in 2002.Educational Objectives Taxonomy which was developed 
by Bloom et al. (1971) is a classification system used for classifying things students are expected and hoped to learn 
as a result of education. The original taxonomy provides carefully chosen definitions for each of the six main 
categories in cognitive domain. These categories are knowledge, comprehension, application, analysis, synthesis, 
evaluation (Krathwohl, 2002). The main theme of taxonomy revised by Krathwohl (2002) is the same as Bloom 
taxonomy. In the revised taxonomy, objectives are analyzed in two dimensions which are knowledge and cognitive 
process dimensions. In the cognitive dimension there are categories of recall, understand, apply, analysis, evaluation 
and generalization categories, in the knowledge dimension there are factual, conceptual, procedural and 
metacognitive knowledge categories. In this study, acquisitions are classified according to revised Bloom taxonomy 
since it enables evaluation of both cognitive and knowledge level of students. Literature review was done for subject 
and concepts which form basis for “Structure of Atom” topic in order to form item pool; learning difficulties and 
misconceptions of students were determined. Item pool which includes 33 multiple choice items was formed 
according to acquisitions. Test items were composed of four options one of which is correct and the other three are 
distractors. It was paid attention that the language is plain, comprehensible and suitable for 7th class students while 
developing test items in order to increase reliability. Table of specifications was prepared according to revised 
Bloom Taxonomy in order to determine structure and content validity of the test.In order to enable content validity 
of the test, opinions of 4 academicians who are expert in the field of Science Education, 3 Science teachers and 1 
Turkish teacher were obtained in order to analyze in the sense of language-expression. Questions which were not 
found suitable according to experts’ opinions due to various reasons (scientific inconsistency, question unsuitable 
with acquisitions and question options incompatible with acquisitions etc.) were excluded from the test and item 
pool of Readiness Test which was composed of 33 items was reduced to 26 items. Since ASRT is suitable for 7th
grade, it was applied on 366 7th class students who have learned the related subjects before in order to determine 
reliability. Before application, instructions included in the test were read in the classroom and possible 
misunderstanding was prevented, students were expected to give sincere answers. Students were given 40 minutes 
for completing 26 items of test. Item analysis of test was done by using LERTAP 5 statistical program.
While making item analysis of test, discrimination and difficulty index analyses of each item is an important 
criterion. Items between -1 and +1 values are very good and usable if discrimination index is 0.40 or above; good 
and usable if discrimination index is between 0.30-0.40; can be used if compulsory or changed if necessary when 
discrimination index is between 0.20-0.30; excluded if discrimination index is 0.20 and below (Turgut, 1995). 
Item difficulty index which has value between 0 and 1 determines easiness and difficultness degree of item. 
Index approximating towards 0 means that item is getting difficult, approximating towards 1 means that it is getting 
easy, index being 0.50 means that item is at medium level difficulty (Tekin, 1993). These criteria were considered in 
item analysis process of ASRT.
3. Findings
ASRT item analysis was done by using LERTAP 5 program. According to the results of item analysis, 
discrimination and difficulty indexes determined for each item is given in Table 1. 
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Table 1. ASRT Item Analysis Results.
Item No Difficulty Index Discrimination Index Item No Difficulty Index Discrimination Index
1* 0,33 0,10 14 0,52 0,37
2* 0,55 0,19 15 0,55 0,43
3 0,56 0,37 16 0,42 0,34
4 0,28 0,28 17 0,65 0,42
5 0,46 0,30 18 0,53 0,21
6* 0,52 0,12 19 0,42 0,22
7 0,69 0,42 20 0,28 0,28
8 0,54 0,36 21 0,49 0,37
9* 0,37 0,11 22 0,59 0,46
10 0,61 0,46 23* 0,22 0,15
11* 0,39 0,11 24* 0,28 - 0,01
12* 0,21 0,04 25 0,52 0,37
13* 0,33 0,17 26 0,31 0,23
* Items excluded from ASRT.
As it is seen in Table 2, items no. 1, 2, 6, 9, 11, 12, 13, 23 and 24 were excluded from the test since their 
discrimination values are below 0.20. It was determined that discrimination index of other items are majorly above 
0.30 and their difficulty level is at medium level. Since excluding the items whose discrimination indexes are 
between 0.20-0.30 would not influence reliability coefficient for the whole of test they were decided to be used in 
the test. As a result of item analysis, items whose item difficulty index is around 0.50 were included in the test and 
items whose item discrimination value is below 0.20 were excluded. In this way, 9 items were excluded and ASRT 
was reduced to 17 items. With the item analysis, average item difficulty index was found 0, 49 and average item 
discrimination index was 0.36.Correlation which is calculated as the reliability coefficient of test is used in order to 
interpret how far are the individual differences related to test scores are real and how far depended on error factor 
(Büyüköztürk et al., 2013). In the internal consistency prediction for readiness test measurements, reliability 
coefficient value was calculated as 0.78. These results show that ASRT is a reliable measurement instrument. 
4. Discussion
In this study, a valid and reliable test composed of 17 multiple choice items was developed in order to determine 
readiness of 7th class students about “Structure of Atom” topic. Two of the most important qualities to be found in a 
good measurement and instrument of measurement is validity and reliability (Uysal, 1975; Tekin, 1993; Turgut, 
1995). Validity is to what extent the object is measured, to measure the object without mixing with anything else 
(Karasar, 2009). Bloom, Hasting and Madaus (1971) have carried out comprehensive studies for classification of 
behaviors. In determination of content validity, they have suggested developing a table of specifications in 
determination of behaviors’ representation level of behavior universe. In this study items which constitute the test 
were classified according to acquisitions and it was determined that the test has content validity. Moreover, it is 
commonly observed that opinions of teachers and academicians are consulted about validity of test (Peterson &
Tregeust, 1989; Ayas & 'HPLUEDú%\N|]türk et al., 2013). For this aim, ASRT which was composed of 33 
items at the beginning was presented to the opinions of Science and Technology teachers and then it was rearranged 
in a way that it would include 26 items depending on the acquisitions determined by TTKB (Head Council of 
Education and Morality). It was determined that the test was compatible with readiness level for 7th class students 
and determined acquisitions and therefore it has structure and content validity. Another criterion a good 
measurement instrument should have is criteria reliability. Reliability of a measurement instrument is defined as 
repeatability of measurements made for measuring specific property on the same individuals under similar 
conditions (Büyüköztürk et al., 2013). Reliability is defined with reliability coefficient. Reliability coefficient can be 
determined in two ways which are methods based on single application and methods based on two applications 
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(Crocker & Algina, 1986). In the study method based on single application was preferred in order to determine 
reliability of ASRT, in this way it was applied in one time to the study group composed of 366 people. 
ASRT item analysis was carried out by using Lertap 5 statistical program. Nine items whose discrimination 
difficulty indexes are not at expected level were excluded from the test and the test had its ultimate form including 
17 multiple choice questions. From item analysis results, it was determined that average difficulty value of test was 
0.50. 0.50 average difficulty value of the test shows that ASRT has average difficulty degree. When item 
discrimination index is considered, average discrimination of test was 0.36. Average discrimination index being 
above 0.30 is an expected quality for a test (Turgut, 1995). Then it was determined that discrimination of the test 
was high. Generally Spearman Brown correlation coefficient, Kuder Richardson formula and Cronbach Alpha 
FRHIILFLHQWDUHXVHGLQUHOLDELOLW\PHDVXUHPHQWRIPHDVXUHPHQWLQVWUXPHQWV%H\GR÷DQ%HLQJ0.70 or above 
for reliability coefficient is generally regarded as adequate for reliability of measurement results (Büyüköztürk et al., 
2013). Then it means that the test is reliable and coherent since reliability coefficient of the test was found 0.78 as a
result of item analysis. According to the result of study, ASRT which is composed of 17 multiple choice items is 
valid and reliable scale that can be applied to 7th class students.
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